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Abstract 
The neural diathesis-stress model of schizophrenia states that stress and cortisol 
production in combination with a preexisting vulnerability can lead to prodromal symptoms of 
the disorder. One of these prodromal symptoms, Cognitive Disorganization (CD), is a 
measurable attribute that often accompanies a wide range of neuropsychiatric disorders; CD may 
be associated with deficits in executive functions including working memory (WM), and reflect 
aberrant prefrontal functioning. Via EEG and neurocognitive testing, the current study examines 
the cognitive and neurophysiological response to stress in 127 adolescents (ages 9 to 16) who 
show varying risk for developing a mental disorder based on their current cognitive, affective, 
and familial history. We hypothesize that participants with moderate to severe CD, as measured 
via the Structured Interview for Prodromal Symptoms (SIPS), will exhibit impaired WM 
compared to those with no to low CD. This difference will be reflected in worse performance on 
WM-specific tasks, like the Digit Span Task (DST), Continuous Performance Test (CPT), Self-
Ordered Pointing Task (SOPT), and nBack Tasks. Additionally, we hope to see group 
differences from pre- to post-stress conditions, demonstrated by more nBack errors and abnormal 
P300 ERP amplitudes. Analyses provide mixed results that partially support the claim that a 
higher CD score is related to impaired WM performance. P300 amplitudes indicate differences in 
pre- and post-stress conditions, with marginal differences between groups. Overall, these 
findings reinforce previous research that prodromal symptoms, like CD, may lead to decreased 
neurocognitive functioning.    
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Cognitive Disorganization Influences Working Memory in Adolescents 
Introduction 
Mental disorders are equal opportunity illnesses; they can affect any person, no matter 
their gender, race, or age. One in five children, between 13 and 18 years old, either have been 
diagnosed with a mental disorder, or are at risk for developing one in their lifetime (NAMI, 
2019). Multiple things can put a child at risk for mental illness, including a previous diagnosis or 
having a diagnosed family member. Such is the case with schizophrenia; children that have a 
first-degree relative with schizophrenia may have social impairments which are correlated to an 
increased likelihood of later disorder onset, (Gibson, Penn, Prinstein, Perkins, & Belger, 2010). 
In fact, an individual with familial high risk (FHR) for schizophrenia is 8 to 12 times more likely 
to develop the disorder at some point in their lifetime (Hart et al., 2013). 
Psychosis and Cognitive Disorganization 
A myriad of environmental and genetic risk factors can contribute to the development of 
psychosis. The prevailing theory of this development, the neural diathesis stress model of 
schizophrenia, proposes that psychological and biological stressors interact with the 
hypothalamic-pituitary-adrenal (HPA) axis in the brain to trigger the onset of latent psychotic 
symptoms. During normative development in adolescence, there is an increase in basal cortisol 
secretion. Adolescence is also a period of time linked to an increased risk for the onset of 
psychotic and mood disorders. Therefore, those with a preexisting vulnerability to developing 
psychosis may begin to show symptoms during adolescence due to increases in cortisol and 
elevated HPA activity (Pruessner, Cullen, Aas, & Walker, 2017). 
Although psychological disorders are typically not diagnosed until early adulthood, 
research suggests that symptoms of psychosis can be present as early as childhood, leading to 
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thought disorganization and hallucinations. Thought disorders are characterized by abnormal 
forms of thought, which is one of the most prominent symptoms of schizophrenia. In current 
literature, thought disorders have two categories of deficit – attentional impairments and working 
memory impairments (Goldberg et al., 1998). Both these deficiencies appear to be positively 
correlated with cognitive disorganization (CD). CD is a measureable attribute believed to be the 
main shortfall in the disorganized subtype of schizophrenia. It is important to recognize that the 
correlational nature of this topic and the cyclic nature of development make it difficult to 
pinpoint the origin of these deficits. However, atypical neural organization in the prefrontal 
cortex is correlated with the subjective experience of disorganization as well as objective 
measures of impaired neurocognitive functions (Olypher, Klement, & Fenton, 2006; Edwards, 
Barch, & Braver, 2010). 
Working Memory Impairments 
CD, and more broadly, neurocognitive dysfunction, is a symptom of schizophrenia that is 
many times overshadowed by stereotypical and more grandiose symptoms, like hallucinations or 
delusions. These reality-distorting positive symptoms have very low correlation with the 
symptoms of disorganization (Ventura, Thames, Wood, Guzik, & Hellemann, 2010). A working 
memory meta-analysis that looked at 36 different tests of working memory indicated that across 
the domains of visuospatial, phonological, and central executive working memory, task 
performance was significantly lower in participants with schizophrenia compared to control 
participants (Forbes, Carrick, McIntosh, & Lawrie, 2009). All participants in these 200 studies 
were from adult populations. Working memory impairments in children with FHR for 
schizophrenia have yet to be studied on a large scale. 
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Working memory dysfunction in schizophrenia patients is common; an early study aimed to 
determine which area of the brain led to these cognitive differences (Perlstein, Carter, Noll, & 
Cohen, 2001). Researchers asked a group of control participants and a group of conventionally 
medicated patients with schizophrenia to perform several nBack tasks while undergoing an 
fMRI. Task performance differed between groups for the 2-back tasks; the patient group was 
significantly less accurate at detecting targets compared to the control group. The patient group 
also displayed significantly longer reaction times during the 0-back tasks. Correlation analyses of 
fMRI data revealed that the dorsolateral prefrontal cortices of patients with schizophrenia did not 
display task-related activity increases when compared to the control group. These findings 
specifically point to a deficit in the right dorsolateral prefrontal cortex, an area linked to working 
memory and deficits associated with symptoms of CD.  
Patients diagnosed with schizophrenia show differences in brain function compared to 
healthy controls, however it was unclear whether these abnormalities were present before 
psychosis onset. Therefore, one study sought to identify functional differences in the fronto-
striato-limbic regions of the brain in children and adolescents with a FHR for schizophrenia. 
Researchers hypothesized these differences were caused by executive and emotional processing 
changes associated with cortical development of those with FHR. Participants completed 
working memory, attention, and inhibition tasks in fMRI to record frontal lobe activity. 
Compared to the control group, the FHR group experienced more activation in the inferior 
frontal gyrus and caudate nucleus, but showed less activation in the middle frontal gyrus. During 
emotional processing tasks, the FHR group displayed less activation in the anterior cingulate, 
inferior frontal, parietal, and occipital areas of the brain. Furthermore, these researchers 
concluded that FHR for schizophrenia may be connected to irregular hyperactivation and 
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hypoactivation of brain circuits during executive functioning and emotional processing. In other 
words, during tasks that target different executive functions, the FHR group usually displayed an 
increase in usage of frontal lobe regions, compared to those in the control group of the same age 
cohort. However, during emotional processing tasks, there seemed to be a decrease in neural 
recruitment compared to the control group (Hart et al., 2013). There are clearly differences in the 
brain functioning of young people at risk for developing schizophrenia compared to neurotypical 
controls, but more research is required to determine how cognitive disorganization interacts with 
the functional brain (Hart et al., 2013). 
Electrophysiology and Working Memory 
Studying neurodevelopment and brain function require the use of several types of 
neuroimaging tools. One method called electroencephalography (EEG) collects electrical brain 
activity via electrodes and records event-related potentials (ERPs). An ERP is the simultaneous 
electrical output of a specific collection of neurons; it measures a change in electrical potential 
arising from stimulus-evoked activity (Nelson & McCleery, 2008). Activity is recorded in 
waves, and each component of the waveform is named based on its polarity, sensitivity, and 
location on the scalp. Nomenclature typically begins with an N or P (indicating negative or 
positive polarity), followed by a number indicating either the position in the waveform, or 
latency in milliseconds (Woodman, 2010). For example, the N1 component is the first negative 
peak in the waveform, while P300 is a positive peak that occurs around 300ms. ERPs can be 
used to study a number of processes, including memory, language, and executive functioning. 
EEGs and ERPs are useful in studying atypical neurological development, including Autism 
Spectrum Disorder and varying degrees of psychosocial impairment (Nelson & McCleery, 
2008). 
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A meta-analysis of EEG studies examined whether schizophrenia patients display 
abnormalities in ERP outcomes compared to controls, specifically within the P300 and P50 
waveforms. The P300 waveform has been previously linked to working memory and emotional 
arousal and P50 has been linked to the suppression of stimuli (also known as sensory gating), 
(Polich & Kok, 1995). Results indicated that both waveforms are severely deficient in 
schizophrenia patients; the P300 amplitude was abnormally low in the sample population, while 
the P50 did not properly gate. Considerable data from this analysis also supported that ERP 
abnormalities are genetically influenced, aligning with the fact that there is a genetic component 
to schizophrenia (Bramon, Rabe-Hesketh, Sham, Murray, & Frangou, 2004).   
To determine if schizophrenia patients differ in EEG data during memory tasks compared to 
control participants, researchers analyzed the P300 ERP component elicited during an nBack 
task. When comparing the two groups, the P300 amplitude in controls was highest during the 
low load nBack task and lowest in the high load nBack task. Schizophrenic participants 
displayed low P300 amplitude in all conditions, exhibiting significantly lower scores during the 
1-back condition. This corroborates the prior knowledge that there is a working memory deficit 
in those with schizophrenia, and this difference can be analyzed via the P300 waveform (Gasper 
et al. 2011).  
Current Study 
Not much is known about children at a higher risk for developing psychosis and similar 
neurological disorders, especially how it affects their brains, both cognitively and functionally. 
However, the Neurocognition and Imaging Research Lab (NIRL) at the University of North 
Carolina at Chapel Hill is hoping to uncover these mechanisms. One particular study hopes to 
gain clarity about young people and mental illness by looking at the cognitive and neurological 
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differences between neurotypical children and those at risk for developing mental disorders. 
Cognition and Neuroimaging in Teens (CogNIT), is a study that seeks to understand the 
neurological response to stress in adolescents that are at risk for developing psychosis or other 
mental illnesses.  
Principal investigators of CogNIT suggest that an impaired working memory capacity 
combined with an abnormal response to stress can lead to increased amounts of cortisol 
maintained in the body following stressful events, in line with the neural diathesis stress model. 
This results in a disruption in the function of the frontal and limbic regions of the brain, which 
are necessary for working memory and stress regulation. This cyclic process could further 
cognitive disorganization in those with a FHR for schizophrenia, and therefore possibly affect 
working memory. This study hypothesizes that participants with moderate to severe CD will 
exhibit an impaired working memory, measured via worse performance on working memory-
specific tasks, such as the Digit Span Task (DST), Continuous Performance Test (CPT), Self-
Ordered Pointing Task (SOPT), and nBack tasks, when compared to participants with no to low 
CD. Furthermore, this study expects group differences for pre- and post-stress conditions 
demonstrated by more nBack task errors and abnormal P300 ERP amplitudes, given those with 
higher CD tend to be more sensitive to environmental stressors (Gispen-De Wied, 2000).  
Methods 
Data collection for the CogNIT study began in the summer of 2016. Since September of 
2016, I have worked as a research assistant in the NIRL lab, helping with data collection on 
multiple studies, including CogNIT. My hands-on experience with this study involved assisting 
with upwards of 40 EEG’s (including capping, data acquisition, saliva samples, and being a 
TSST committee member), as well as independently administering about 20 neurocognitive 
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assessments. This experience also extended to data input and cleaning. Throughout the past three 
and a half years I have also had the privilege of training and supervising new student employees 
on study protocol, EEG acquisition, and data input. Working one on one with adolescents and 
getting hands-on neurocognitive research practice has not only been a very interesting and 
rewarding experience, but a privilege that I am happy to have been a part of.  
Participants 
Data for this study was collected from 127 adolescent participants, between 9 and 16 
years old, over the span of almost four years. To encourage demographic variation, participants 
were recruited from surrounding public schools, the UNC Child and Adolescent Psychiatric 
Clinic, the Outreach and Support Intervention Services (OASIS), and Schizophrenia Treatment 
and Evaluation Program (STEP) at UNC via flyers and emails. This strategy allowed for the 
recruitment of controls, mid-risk adolescents (those previously diagnosed with ADHD or anxiety 
disorders), and high-risk adolescents (those with a diagnosed family member). It is important to 
note that CD and recruitment categories are not mutually exclusive. A participant may be 
recruited as high-risk, yet present no symptoms of CD, therefore scoring very low on the CD 
scale. Because this population sample is not randomly selected or randomly assigned to groups, 
external validity is low; however, the information gained from this study will be applicable to all 
adolescents due to the wide variety of diagnoses represented. To reiterate, the focus of this study 
is a clinical phenotype rather than a disorder itself because very little is known about abnormal 
stress regulation in adolescence and how it influences the severity CD, a significant element of 
psychosis. 
The average CD score across all 127 participants was 3.5 out of 6. For the purpose of the 
hypothesis testing and analyses, the participants were split into two groups by CD score, with a 
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cutoff score of three. A score of three or more denotes moderate to severe cognitive 
disorganization, or a more abnormal organization of the brain, whereas a score below three is 
fairly neurotypical and indicates cognitive coordination (Loewy, Pearson, Vinogradov, Bearden, 
& Cannon, 2011). The low CD group (LCD) includes all of the participants that scored a 0, 1, or 
2. The high CD group (HCD) includes all those that scored a 3 or above for CD. Table 1 
categorizes participant demographics by CD group. 
Table 1 
Participant Demographics by CD Group 
 
LCD HCD Total 
Gender    
Male 35 42 77 
Female 25 25 50 
Total 60 67 127 
Age    
9–12 31 32 63 
13–16 29 35 64 
Avg. 12.99 13.06 13.03 
Recruitment    
Control 38 24 62 
Mid-risk 18 32 50 
High-risk 4 11 15 
Total 60 67 127 
 
Measures 
Cognitive Disorganization (CD). Before recruited adolescents became participants, they 
underwent clinical interviews to determine a range of information, including mental health 
history, and their social, emotional, and academic wellbeing. One aspect of the clinical 
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assessment – the Scale of Prodromal Symptoms (SOPS) – was used to measure different 
dimensions of mental health and behavior, including CD. The field defines CD as “impairments 
in the ability to understand others and to communicate ideas to others, of linear thought 
processes, and of ability to integrate communication.” CD is a dimension measured within 
SOPS; its score is taken from the disorganized communication, odd behavior, bizarre thinking, 
and trouble with attention ratings. Scores range from zero to six, but a score of three or more 
denotes moderate to extreme cognitive disorganization (Loewy et al., 2011). A participant is 
excluded from the study if they have health issues, a history of psychosis or mood disorders, 
PTSD, or are taking medication that might change their neurocognitive function in response to 
stress. 
Working memory. During the neurocognitive assessment portion of the study, or 
“Neurocog,” participants completed several tasks to measure a handful of executive functions, 
such as shifting, monitoring, inhibition, and working memory. Participants also completed 
working memory tasks during the EEG and fMRI portions of the study. Working memory is a 
subset of short-term memory that is responsible for temporarily holding and processing 
perceptual and linguistic information. Because a combination of weak working memory 
performance and atypical fronto-striate activity is the strongest predictor of later disease onset 
for high-risk adolescents (Vesterager et al., 2012), one goal of CogNIT is to accumulate more 
information about the connection between these working memory impairments and the severity 
of the adolescent’s CD.   
Digit Span Task (DST). Participants completed a forwards and backwards iteration of the 
DST, which measures both general attention and working memory. During this task, a proctor 
read a string of numbers aloud and participants were asked to repeat the string either forwards or 
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backwards. The backwards DST is considered to be a working memory task in younger 
participants and a simple short-term memory task in adults. This difference is hypothesized to be 
due to children harnessing more executive resources than adults to transpose digits in their 
minds, making the DST a working memory task (Clair-Thompson, 2010). According to another 
study looking at the validity of working memory measures, the scores of the DST are negatively 
correlated with reaction times during the n-back task. Participants that performed better on the 
DST generally had faster reaction times in the n-back tasks, suggesting their working memory 
processes information faster (Jaeggi, Buschkuehl, Perrig, & Meier, 2010).  
Continuous Performance Task (CPT). The CPT is an immediate memory task in which 
2-digit numbers flash consecutively (0.5 seconds apart) on a screen. Participants clicked the 
mouse button when they saw the same number flash twice in a row. This process is then repeated 
with 3-digit numbers and again with 4-digit numbers. A meta-analysis conducted on the validity 
and clinical utility of the CPT validated that this test is an acceptable way to measure attention 
and impulsivity, both of which connect to working memory mechanisms (Hall et al., 2015).  
Self-Ordered Pointing Task (SOPT). For this task, participants saw a screen with 6 
pictures organized in a matrix; when a picture is selected, the matrix randomizes to a new order. 
The objective is to click on a different picture each time the screen changes, without repeating 
the same selection twice in a row. The task increases in difficulty as the number of pictures in the 
matrix increases from 6 to 8, to 10, and lastly to 12. The SOPT was created to measure the 
contribution of the frontal lobes to working memory; the task can also assess visuospatial 
memory (Ross, Hanouskova, Giarla, Calhoun, & Tucker, 2007). If the participant repeats a 
selection, it is scored as an error; scores are recorded as percent correct by task load. Like the 
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DST, the SOPT was found to be moderately correlated with the nBack task based on reaction 
time; less errors on the SOPT indicates a better working memory (Jaeggi et al., 2010). 
EEG nBack tasks. This working memory task occurred during the EEG portion of 
CogNIT. To minimize testing effects, participants were randomly assigned to a task order. The 
nBack task consisted of the 0-back, the 1-back, and the 2-back; there are 45 targets and 145 
stimuli between the 3 tasks. There are two blocks per “n,” meaning participants completed two 
of the same “n” nBack tasks consecutively. During each task, a computer presented fractal 
images to participants. In the 0-back, participants must press a green button every time the image 
matches the target image previously shown during instructions. They press a white button when 
the image does not match the target image. For the 1-back, participants press a green button if 
the image they are currently seeing matches the image they saw immediately before; they press 
the white button if it does not match. For the 2-back, participants press a green button if the 
image they are currently seeing matches the image they saw two images ago, or the white button 
if they do not match. A sensitivity score, called D’, is calculated per task for each participant. 
This score is tabulated as the z-score of the hits (correctly pressed green button) minus the z-
score of the false alarms (if participants press the green button when they should have pressed 
the white button) (Keating, 2017). The nBack task measures working memory; however, it is not 
a valid measure when used alone; it is most useful when used concurrently with other working 
memory tasks, such as those from Neurocog (Jaeggi, et al., 2010).   
Procedures  
This study was a within-group laboratory experimental design. Groups were assigned 
based on CD score; those with a score below three were in the low CD group (LCD), and those 
with a score at or above three were in the high CD group (HCD). Both groups experienced the 
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same experimental procedures and manipulations. CogNIT has three main parts:  a clinical and 
neurocognitive assessment, an EEG, and an fMRI. Typically, participants completed all three 
parts within a three-week period. The previously described clinical assessment consisted of the 
Structural Clinical Interview DSM-5 (SCID), Structured Interview for Prodromal Symptoms 
(SIPS), and SOPS. Neurocog followed the clinical assessment; participants completed the DST, 
CPT, and SOPT. Neurocog also included the vocab test and matrix reasoning task from the 
Wechsler Abbreviated Scale of Intelligence (WASI), and the Stroop task and Tower of Hanoi 
test from the Delis-Kaplan Executive Function System (D-KEFS); however, these tasks do not 
measure working memory and are therefore excluded from the analyses of this paper. 
Both the EEG and fMRI are important in assessing the brain’s electrophysiological and 
functional responses to stress. The EEG portion of the study started with capping the participant 
and two pre-EEG questionnaires. These questionnaires gauged general stress levels and anything 
that may interfere with EEG signals (i.e., sleep quality, caffeine intake, medications, etc.). 
Researchers explained EEG artifact to participants, and directed them to be as still as possible 
during recording to keep the signal free of noise. Before beginning the recorded tasks, 
participants completed practice blocks of the nBack tasks. Then they completed two resting state 
blocks to measure an electrophysiological baseline. Participants first sat with their eyes open, 
staring at a plus sign on the screen for 3 minutes; then they sat with their eyes closed for 3 
minutes.  
Participants then completed the recorded nBack blocks, followed by the Trier Social 
Stress Test (TSST). The second half of the EEG after the TSST mimicked the first; participants 
repeated the resting state blocks and the nBack blocks. To conclude, they completed a new task, 
called the Remember-Know, in which they rated on a 7-point Likert scale whether or not they 
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remember seeing different fractal images during their EEG. Throughout the course of the 
experiment, researchers collected six saliva samples from the participant. Two were collected 
after capping and before the resting state blocks, one was collected immediately before the 
TSST. The last three samples were taken 20, 45, and 60 minutes after the start of the TSST. All 
saliva samples were later processed for cortisol levels. The fMRI is set up in a similar way to the 
EEG; working memory tasks were bisected by a stress task (the Montreal Imaging Stress Test, or 
MIST) and the brain’s response to stress was noted. 
Experimental manipulation.  The Trier Social Stress Test (TSST) is a reliable 
procedure to induce stress in a laboratory setting. It is one of the best ways to naturally induce 
both social and psychological stress to measure stress hormones, heart rate, and blood pressure 
(Birkett, 2011). During CogNIT, researchers moved capped participants to a common area right 
outside the EEG recording room to complete the TSST. Then, researchers read instructions for 
the task, gave the story prompt, and introduced two “committee members that are trained to 
monitor body language.” These committee members, or the lab’s research assistants, wear white 
lab coats and carry clipboards; they are instructed to show no emotion throughout the TSST. One 
committee member then tells the participant that they have five minutes to prepare an ending to 
the story prompt previously given. All parties sit in silence as the timer counts down. After five 
minutes, the committee member asks the participant to stop, takes away the notes, and asks the 
participant to recount their new ending for the full five minutes. Finally, the second committee 
member asks the participant to complete an oral serial subtraction test for five minutes. IRB 
approved sensitive scripts may be used if the participant is unresponsive or emotional during the 
task. When participants completed the EEG in full, they were uncapped and researchers 
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debriefed the participant to let them know that the experiment is intended to be stressful for 
everyone.   
Equipment. Neurocognitive assessments are pulled from the Wechsler Abbreviated 
Scale of Intelligence (WASI), and the Delis-Kaplan Executive Function System (D-KEFS). The 
CPT was conducted via a laptop computer using IMT/DMT software (Dougherty, Marsh, & 
Mathias, 2002). The SOPT was conducted on a laptop computer through Inquisit 4 software.  
EEG Acquisition. During the EEG participants wore a BioSemi 64 channel cap, two sets 
of 32 pin-type active electrodes, and eight facial electrodes to monitor electrophysiological 
activity.  Participants also wore a Firstbeat heart monitor to record their heart rate variability 
(HRV) in response to stress. Electrophysiological data was recorded on the EEG acquisition 
desktop using the BioSemi Active2 system in a sound-attenuated room. All fractal images for the 
nBack were presented on a black background, created using fractal design software, and 
programmed using Presentation 13.0 software. 
Preprocessing ERP Data. After EEG data is recorded, it is imported into BrainVision 
Analyzer software (BVA) for preprocessing. First, a high pass filter is applied to reduce 
instances of drift over the course of the recording; drift occurs due to changes in skin 
conductance and gel quality. Next, the data is re-referenced to redefine the level of voltage so all 
other channel voltages may be expressed in relation to this new reference. These particular data 
are re-referenced by averaging the signal of the two mastoid electrodes and subtracted from the 
recording signal. Then, data is segmented around event types, such as the target, the response, 
and the standard. Ocular corrections are applied to average and estimate out the participant’s eye 
blinks. Segments of interest are then pulled from the data; these include every correct target 
response for each nBack task.  
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A baseline correction is then run on each segment of interest to make sure all signals are 
properly aligned with the reference. Artifact rejection is then used to remove any epochs that are 
greater or less than 100 mv change from the baseline because it is assumed these are not brain 
signals. An average waveform for each nBack is calculated for each participant. This average 
requires at least eight trials to be included. Then, all participant averages by task are then 
averaged to get the grand average waveform of each nBack task (Leuchs, 2019). The P300 wave 
is identified as the most positive peak using automatic peak detection with a range of 300 - 700 
milliseconds from the onset of the stimulus.  
Statistical Analysis Plan 
 For each working memory measure, a series of one-way analysis of variance (ANOVA) 
were run to examine the difference in task outcomes between high and low CD. Subsequently, 
post hoc tests were conducted to examine which means did or did not differ. For EEG measures, 
two-way repeated measures ANOVA’s (Group x Task) were conducted to examine the main 
effect and interactions of CD group on P300 amplitude and nBack performance. These were 




The present study hypothesizes that participants with moderate to severe CD will exhibit 
an impaired working memory measured via worse performance on working memory-specific 
tasks. The differences between average scores for LCD and HCD for the DST were assessed 
through a series of one-way ANOVA’s. Results indicated that for the forwards iteration of the 
task, LCD had higher total scores than HCD, F (1, 110) = 9.69, p < .01 (Table 2). There was no 
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significant difference between the two groups on the backwards iteration of the task or the scaled 
score for both groups. Figure 1 depicts these results. 
Figure 1 
Mean Score vs. CD Group for Digit Span Task 
To test if mean CPT performance differed between CD groups, a one-way ANOVA was 
conducted. As shown in Table 3, the 3-Digit task yielded significant results. LCD performed 
significantly better on the CPT 3-Digit task than those in HCD, F (1, 93) = 4.73, p < .05. Also, it 
is relevant to note both the 2-Digit and 4-Digit tasks, though these results were not significant at 
the p =.05 level. In the 2-Digit task, LCD performed slightly better on the task than HCD, F (1, 
94) = 3.68, p >.05. LCD also performed better than HCD on the 4-Digit task with results 
trending towards significant, F (1, 93) = 3.42, p >.05. Figure 2 illustrates the findings of the CPT 
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Figure 2 
Mean D’ vs. CD Group for Continuous Performance Task 
Another one-way ANOVA was conducted to test if average SOPT performance varied 
based on high or low CD. Table 4 shows that the 8 picture load, 10 picture load, and total were 
significant at the p = .05 level. In the 8 picture load, LCD participants had a higher percent 
correct than HCD, F (1, 90) = 9.20, p <.01. For the 10 picture load, LCD again scored 
significantly higher than HCD, F (1, 90) = 3.94, p = .05. The total percent correct indicated that 
LCD scored higher than HCD across all SOPT loads, F (1, 90) = 4.07, p = .05. The 6 picture and 
12 picture loads of the SOPT did not yield significant results. Refer to Figure 3 for an illustration 
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Figure 3 
Mean Percent Correct vs. CD Group for Self-Ordered Pointing Task 
EEG Analyses 
To determine whether CD affected nBack performance (measured by D’), a 2(group: 
LCD, HCD) X 3(task load: 0-back, 1-back, 2-back) repeated-measures ANOVA was conducted. 
We did not find a significant main effect of group on nBack performance. As shown in Figure 4, 
there were similar levels of performance between both groups for all nBack tasks, F (1, 103) = 
1.68, p > .05. However, pairwise comparisons of nBack performance revealed that scores 
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Figure 4 
Mean D’ of EEG nBack by CD Group for Before and After Stress
 
To determine whether P300 amplitude during the nBack differed as a function of CD, we 
conducted a 2(condition: pre-stress, post-stress) X 3(task load: 0-back, 1-back, 2-back) ANOVA. 
We did not find a significant main effect of stress on CD group. Those with LCD had similar 
P300 peaks (M = 15.17, SD = 1.25) as those with HCD (M = 15.473, SD = 1.20), F (1, 65) = .03, 
p > .05.  
 As shown in Figure 5, there was a significant interaction between stress levels and task 
load, such that the P300 amplitude differed between each nBack task in the pre-stress condition, 
F (1, 65) = 14.71, p < .05. However, analyses of post-stress nBack tasks revealed that P300 
amplitude only significantly differed between participant groups during the 0-back task, F (1, 65) 
= 5.55, p < .05. Pairwise comparisons of P300 peaks in both groups revealed significant 
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significant differences in P300 peaks during post-stress nBack tasks were found for those with 
HCD, F (1, 65) = 1.14, p > .05. Figure 6 depicts the composite before-stress P300 waveform 
across all loads, while Figure 7 depicts the composite after-stress waveform. 
Figure 5 
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Figure 6 
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Figure 7 
 Composite after stress P300 waveform at electrode Pz 
 
Discussion 
The present study provided evidence that increased cognitive disorganization is 
correlated to decreased scores on working memory tasks. Furthermore, P300 amplitudes 
indicated differences in ERP data from pre- to post-stress conditions, with marginally significant 
differences between groups. 
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Consistent with the first hypothesis, participants in LCD (CD < 3) generally scored better 
than those in HCD (CD ≥ 3) across a select number of working memory tasks. Those with 
moderate to severe CD scored significantly lower on the forward iteration of the DST, 3-Digit 
CPT, and 8 picture and 10 picture SOPT compared to those with no to low CD. Though there 
was not an overall reduction in the neurocognition of this sample, participants with a higher CD 
showed evidence of a decreased working memory ability.  
The forward iteration of the DST is considered to be a measure of working memory as 
well as attention. Although there is reason to believe that the decreased scores in HCD are due to 
higher levels of CD, there may be a confounding variable providing the same results. There were 
almost twice as many mid-risk participants in HCD than LCD, and these mid-risk participants 
typically had diagnoses of anxiety, depression, or ADHD. All three of these diagnoses can have 
negative effects on attention span, possibly contributing to the lower forward DST scores seen in 
LCD. Group performance decreased from the forwards to the backwards DST which was to be 
expected since the backwards iteration requires more working memory capacity. Interestingly, 
the group scores for the backwards iteration of the DST were not significantly different from one 
another. This could possibly be due to inconsistencies in how the test was administered or even 
task fatigue for participants leading to overall inattention and decrease in scores. 
The general decrease in score as the CPT increased in difficulty was expected and 
indicated that working memory was challenged with increased difficulty. Although only the 
group differences for the 3-Digit CPT were found to be significant, all three tasks displayed 
differences between groups. Both the 2-Digit and 4-Digit iterations were trending towards 
significant, indicating that this task was harder for those with higher cognitive disorganization 
scores.  
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Unlike the CPT, the SOPT did not show a trend in scores as difficulty or load, increased. 
However, for all of the loads except for the 12 picture load, LCD performed better than HCD. 
This difference was not significant at the p =.05 level for the 6 picture load, however the results 
seem to be trending that way. The unexpected result came from the 12 picture load, considering 
all the other iterations showed some significance. During the 12-load task, both LCD (M = 
88.26) and HCD (M = 85.12) show a small drop in average score from the 10-load task which 
could be indicative of all participants experiencing some sort of task fatigue during the last trial. 
The secondary hypothesis of this study was that participants will exhibit differences in 
their before and after stress EEG nBack D’ scores. This particular hypothesis was not supported 
by findings. Results indicated that EEG nBack performance was not significantly different 
between groups, nor was there a significant difference from pre-stress to post-stress within 
groups. This was an unexpected result because it was assumed that increased stress caused by the 
TSST would affect task performance in all participants, but especially so in those with HCD 
compared to those with LCD. One explanation for the lack of differentiation from pre- to post-
stress could be the randomized task order. Because the order of nBack tasks completed after the 
stress manipulation was random for each participant, increased stress levels could have affected 
performance the most on the 0-back task for some, or the 1-back or 2-back for others, therefore 
masking the effects of stress on working memory performance. Although this randomization is 
important to avoid order effects, it is possible that it may have changed the interaction of stress 
on working memory. There was a significant difference in scores between each task load within 
each group. In all participants, scores decreased as task load increased. This is consistent with the 
idea that working memory demands increase as tasks increase in difficulty, leading to 
participants creating more errors. It should also be noted, however, that the nBack is most valid 
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as a working memory measure when used in conjunction with other tasks; it is not sensitive 
enough to detect differences in stress (Jaeggi, et al., 2010), so in conjunction with ERP data it 
becomes a more accurate representation of stress effects. 
This study expected to see group differences during pre-stress and post-stress conditions 
as demonstrated by abnormal P300 ERP amplitudes. Findings did not indicate significant stress 
effects on CD groups, however it is important to note that due to time constraints, only 65 
participants were considered in these analyses which could have resulted in less statistical power. 
Despite this, there were still significant interactions. For all participants, P300 amplitudes 
differed during the pre-stress nBack tasks. Although tasks were not meant to be stressful until the 
TSST, it is possible that the experience of getting an EEG itself could increase stress levels in 
participants, resulting in the differences seen during these tasks. Post-stress P300 analyses 
indicated that only the LCD group experienced significantly varying amplitudes between nBack 
tasks. Abnormal stress regulation is expected in those with higher levels of cognitive 
disorganization (Polich, & Kok, 1995); therefore, the HCD group may not have experienced 
much differentiation in their P300 amplitudes due to this abnormal regulation. 
Strengths and Limitations 
This study recruited over 100 control, mid-risk, and high-risk participants from multiple 
different sources, which greatly improved the variety in the participant demographic to 
strengthen results. However, due to this, the sample was already predisposed to have differing 
levels of cognitive disorganization. It also limited the external validity of the study as this 
population sample is not randomly selected or randomly assigned to groups. A second limitation 
comes from the methods of scoring cognitive disorganization. SIPS is a limited Likert scale 
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rating; because symptoms vary from participant to participant it is not clear whether this rating 
scale captures the full range of CD.  
Also, it is important to note that significant age effects were found. Generally, older 
participants (ages 13 to 16) performed better than younger participants (ages 9 to 12) across all 
WM tasks, no matter their CD group. This is to be expected considering working memory tasks 
decrease in difficulty as the brain develops. Visual working memory skills increase throughout 
development, peaking around the age of 20 (Brockmole & Logie, 2013), therefore it is logical 
that the older participants perform at a higher ability than younger participants. However, 
because the average ages for both CD groups differed by only 0.07 years, or less than 1 month, it 
is assumed that age effects seen between younger and older participants did not influence the 
main analyses of this study. Sex effects were also tested for; however, none of the results were 
significant. 
Conclusion and Future Directions 
A main goal of NIRL’s CogNIT study is to accumulate more information about the link 
between cognitive disorganization and working memory deficiencies in adolescents. Although 
there was not an overall reduction in neurocognitive function for HCD compared to LCD, the 
data did confirm that participants with a higher CD score show a decreased working memory 
ability in a majority of the tasks.  
Future research may choose to replicate this study in a random sample of the population 
to ensure better external validity. Researchers could possibly begin a longitudinal study with 
FHR adolescents to study the evolution of working memory as adolescents complete puberty and 
enter adulthood. They could also delve deeper into the subject of working memory in adolescents 
through different tasks. Perhaps by determining which of the three aspects of working memory 
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(central executive function, phonological loop, or visuospatial sketchpad) is affected most by 
CD, researchers can help to target and improve deficits in adolescents. Lastly, researchers may 
choose to study the presence of different symptoms of psychosis in adolescents, specifically 
positive symptoms that were not targeted in this study.  
Adolescence is a period linked to the increase in cortisol, but also an increased likelihood 
of onset for mood disorders and psychosis. Increased stress combined with a preexisting 
vulnerability exacerbates underlying symptoms, consistent with the neural diathesis-stress model 
of schizophrenia. Although these disorders may not be diagnosable or even apparent until early 
adulthood, the findings in this paper reinforce previous research that symptoms of psychosis, like 
cognitive disorganization, may be present and lead to decreased neurocognitive functioning.   
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Appendix 
Table 2  
One-Way Analysis of Variance of Digit Span Task by CD Group 






1 46.47 46.47 9.69 .002** 
Within 
Groups 
109 523.00 4.80   







1 .98 .98 .226 .636 
Within 
Groups 
105 456.22 4.35   





1 25.03 25.03 3.11 .081 
Within 
Groups 
104 835.92 8.04   
Total 105 860.94    
* p < 0.05, ** p < 0.01 
 
Table 3 
One-Way Analysis of Variance of Continuous Performance Task by CD Group 





1 5.76 5.76 3.68 .058 
Within 
Groups 
93 1145.62 1.57   





1 4.35 4.35 4.73 .032* 
Within 
Groups 
92 84.65 .920   





1 1.65 1.65 3.42 .068 
Within 
Groups 
92 44.26 .48   
Total 93 45.90    
* p < 0.05, ** p < 0.01 
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Table 4 
One-Way Analysis of Variance of Self-Ordered Pointing Task by CD Group 





1 490.94 460.94 3.022 .086 
Within 
Groups 
89 13573.02 152.51   





1 827.29 827.29 9.20 .003** 
Within 
Groups 
89 8006.82 89.96   





1 437.78 437.78 3.94 .05* 
Within 
Groups 
89 9898.07 111.19   





1 223.29 223.29 2.30 1.33 
Within 
Groups 
89 8635.33 97.03   





1 356.56 356.56 4.07 .05* 
Within 
Groups 
89 7806.34 87.71   
Total 90 8162.90    
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Table 5 
Repeated Measures ANOVA of nBack performance, CD Group, and Stress 
Source SS df MS F p 
Stress 472.794 1 472.794 2.328 .130 
Stress * CD Group 1.899 1 1.899 .009 .925 
Error(Stress) 20914.800 103 203.056   
nBack 97976.827 1 97976.827 191.426 .000** 
 3659.363 1 3659.363 12.941 .000** 
nBack* CD Group 609.970 1 609.970 1.192 .277 
 1.293 1 1.293 .005 .944 
Error(nBack) 52718.021 103 511.825   
 29125.371 103 282.771   
Stress * nBack 909.244 1 909.244 5.421 .022* 
 216.197 1 216.197 1.367 .245 
Stress * nBack * CD 
Group 
30.197 1 30.197 .180 .672 
 49.530 1 49.530 .313 .577 
Error(Stress*nBack) 17275.517 103 167.723   
 16294.057 103 158.195   
* p < 0.05, ** p < 0.01 
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Table 6 
Repeated Measures ANOVA of P300 amplitude, CD Group, and nBack task load 
Source SS df MS F p 
P300 amplitude 38.535 1 38.535 .739 .393 
P300 amplitude * CD 
Group 
2.950 1 2.950 .057 .812 
Error (Stress) 3390.181 65 52.157   
Load 1650.210 1 1650.210 28.545 .000** 
 6.461 1 6.461 .140 .709 
Load * CD Group 48.003 1 48.003 .830 .366 
 10.879 1 10.879 .236 .629 
Error(Load) 3757.759 65 57.812   
 2994.239 65 46.065   
P300 amplitude * Load .941 1 .941 .019 .891 
 35.414 1 35.414 .988 .324 
P300 amplitude * Load * 
CDGroup 
140.032 1 140.032 2.782 .100 
 .812 1 .812 .023 .879 
Error(P300 amplitude 
*Load) 
3271.912 65 50.337 
 
 
 2330.909 65 35.860   
* p < 0.05, ** p < 0.01 
 
